Preparation of Quantum States of H2 using Stark-induced Adiabatic Raman Passage (SARP)
The views, opinions and/or findings contained in this report are those of the author(s) and should not contrued as an official Department of the Army position, policy or decision, unless so designated by other documentation. Figure 4 shows SARP population transfer at various delays, confirming that maximum population transfer over the widest range of frequency is achieved not at zero-delay but at a relatively large delay of 5-6 ns between the pump (6 ns) and Stokes pulses (4.6 ns).
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Preparation of Vibrationally Excited M-state Superposition of H 2
By combining different polarization states of the pump and Stokes laser pulses SARP prepares superposition of M-eigenstates with a rovibrational (v, J) energy eigenstate as follows:
As opposed to wave-packets, the above superposition is a stationary state evolving with a single frequency vJ E  ; as a result it is not dispersed in time as is desirable for a collision experiment. When the target is prepared in a superposition state given in Eq. (1), the state-resolved differential scattering cross-section will contain cross terms or interference terms as given below:
The second term in the right hand side of Eq. (2)
gives rise to interference in the collision probability. The maxima and minima of this interference are determined by the relative phase of the coefficients M C . In other words, by controlling their relative phase, we can expect to control the outcome of a collision experiment. When a large ensemble of target molecules is prepared in a coherent superposition of eigenstates, the ensemble behaves like a multi-slit molecular interferometer in a scattering experiment. SARP thus opens completely new vistas of reaction dynamics which will allow us to study, for the first time, the coherent dynamical stereochemistry, where M-state interference controls the outcome of a scattering experiment. Similarly, with the parallel polarization of pump and Stokes laser pulses SARP creates the following uniaxial superposition state:
Using (2+1) REMPI probe we measured 60% population transfer from (v=0, J=0) to the M-state superposition within the rovibrational (v=1, J=2) energy state using parallel or perpendicular SARP.
Detection of M-state superposition using 2+1 O (2) REMPI:
To detect the M-state coherence ( We believe SARP is a powerful tool to prepare molecules in desirable quantum states, and, it is particularly suitable for molecules having a wide energy gap (diatoms like H 2 , D 2 , HCl, N 2 ) between the ground and excited electronic states, where other adiabatic methods like STIRAP or SCRAP seemed difficult to apply. SARP should open for study a wealth of experiments involving coherently prepared reagents. 
